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Abstract 51 
Experiences with nature through visits to protected areas provide important cultural 52 
ecosystem services that have the potential to strengthen pro-environmental attitudes and 53 
behavior. Understanding accessibility to protected areas and likely preferences for enjoying 54 
the benefits of nature visits are key factors in identifying ways to reduce inequality in access 55 
and inform the planning and management for future protected areas. We develop, at a 56 
regional scale, a novel social media database of visits to public protected areas in part of the 57 
Chilean biodiversity hotspot using geotagged photographs and assess the inequality of access 58 
using the home locations of the visitors and socio-economic data. We find that 20% of the 59 
population of the region make 87% of the visits to protected areas. The larger, more 60 
biodiverse protected areas were the most visited and provided most cultural ecosystem 61 
services. Wealthier people tend to travel further to visit protected areas while people with 62 
lower incomes tend to visit protected areas that are closer to home. By providing information 63 
on the current spatial flows of people to protected areas, we demonstrate the need to expand 64 
the protected area network, especially in lower income areas, to reduce inequality in access to 65 
the benefits from cultural ecosystem services provided by nature to people.   66 
 67 
Keywords: inequality, geotagged photographs, protected areas, human benefits, social 68 
preferences, social media. 69 
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1. Introduction 76 
The creation of protected areas is an essential management strategy for conserving 77 
biodiversity (Gray et al., 2016) and for providing ecosystem services to society (Pullin et al., 78 
2013). Examples of these services include the provision of clean water to downstream users 79 
(Stolton and Dudley, 2003), reducing flooding events (Bubeck et al., 2013), ensuring climate 80 
change adaptation and mitigation (Fisichelli et al., 2015; Melillo et al., 2016), and especially 81 
the provision of cultural ecosystem services (Willemen et al., 2015). Cultural ecosystem 82 
services are the diverse range of non-tangible benefits people receive from natural 83 
ecosystems (Daniel et al., 2012) including opportunities to enjoy natural settings, watch 84 
wildlife and participate in nature-based recreation, as well as supporting cultural identity and 85 
spiritual inspiration (Chan et al., 2012; Milcu et al., 2013; Satz et al., 2013). They can 86 
contribute to human wellbeing by enhancing physical and psychological welfare (Chan et al., 87 
2012; Milcu et al., 2013; Satz et al., 2013; Shanahan et al., 2016). The benefits of nature 88 
visitation are directly experienced and intuitively appreciated, and they have the 89 
potential to motivate and sustain public support for nature conservation (Allan et al., 2015; 90 
Daniel et al., 2012).  91 
 92 
When assessing the provision of ecosystem services, the spatial distribution of the 93 
benefits and whether everyone has equal access to them are crucial considerations (Booth et 94 
al., 2010; Shanahan et al., 2014). A thorough assessment is particularly relevant in the 95 
context of nature visitation and its role in people’s wellbeing. Contrary to provisioning or 96 
regulating services which can be supplied by distant service-providing areas, the supply of 97 
cultural ecosystem services is mostly localized with people needing to physically visit 98 
ecosystems to access to the services. Some sectors of society potentially enjoy greater access 99 
to the benefits of protected areas as they have private transportation or a higher disposable 100 
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income (Shanahan et al., 2014; Shores et al., 2007). Inequality refers to the evenness of the 101 
distribution of goods and services across society, so when there is inequality divisions exist 102 
that favor or create opportunities for only a portion of society (Schuppert and Wallimann-103 
Helmer, 2015). The effects of inequality on economic development, education, health, and 104 
social stability have been well documented across a wide variety of geographical contexts 105 
(Agostini and Brown, 2007; Dockemdorff et al., 2000; Parry, 1997; Stierli et al., 2014; 106 
Vásquez et al., 2013). However, the effects of inequality in relation to access to protected 107 
areas and the cultural ecosystem services they provide have to date only been explored in the 108 
“Global North” and for limited geographical extents (Heagney et al., 2015; Shanahan et al., 109 
2014; Wolch et al., 2014). For example, Booth and colleagues (2010) reported inequality of 110 
access to nature recreation in several protected areas in the United Kingdom and identified 111 
negative effects on human welfare on those sections of the population with low accessibility 112 
with repercussions on the extent of support for conservation in society.  113 
 114 
Social media offers high-resolution spatial and temporal data on visitation patterns 115 
across broad geographic extents, and it can also be used to infer the socioeconomic 116 
characteristics of visitors and visitor preferences (Hausmann et al., 2017a; Keeler et al., 2015; 117 
Sessions et al., 2016; van Zanten et al., 2016). On social media platforms such as Flickr, for 118 
example, users share geo-located photographs that contain the location where the image was 119 
taken. This information can be used to quantify people’s visits to unpopulated areas and 120 
provide insights into preferences for particular landscape attributes (Casalegno et al., 2013; 121 
Martinez Pastur et al., 2015; Richards and Friess, 2015; Willemen et al., 2015). This allows 122 
to assess the attractiveness of popular tourist sites (Bassolas et al., 2016) and the exploration 123 
of the habits and preferences of recreational visitors of protected areas (Hausmann et al., 124 
2017a; Sessions et al., 2016). Social media data are thus a potential source of information to 125 
6 
 
deliver cost-effective assessments of nature visitation benefits over regional areas as a proxy 126 
for the provision of cultural ecosystem services (Hausmann et al., 2017b; Heikinheimo et al., 127 
2017; Keeler et al., 2015; Richards and Friess, 2015; Sessions et al., 2016; Wood et al., 128 
2013a).  129 
 130 
Previous research has revealed spatial patterns of cultural ecosystem service use 131 
(Paracchini et al., 2014; van Zanten et al., 2016) and has suggested that social media data 132 
could be used to increase understanding on the spatio-temporal patterns of values related to 133 
biodiversity conservation of different stakeholder groups (Di Minin et al., 2015). However, 134 
the distribution of ecosystem services among different communities is still to be assessed 135 
using these data. The inequality of access to cultural ecosystem services provided by 136 
protected areas has not been assessed. Via nature visitation, cultural ecosystem services are 137 
directly enjoyed and intuitively appreciated having the potential to strengthen pro-138 
environmental attitudes and behavior. Given the importance of the benefits from accessing 139 
nature for social welfare, this is a critical gap in environmental knowledge, particularly in 140 
regions where social inequality has profound welfare and health implications. 141 
 142 
In this study we address this knowledge gap by assessing inequality in the 143 
accessibility of cultural ecosystem services provided by protected areas in a Chilean 144 
biodiversity hotspot. We explore key factors that influence visitation patterns and identify the 145 
landscape attributes preferred by visitors to the protected areas. We test the hypothesis that 146 
inequality in access to cultural ecosystem services from protected areas is prevalent among 147 
municipalities and this inequality is driven by the socio-economic characteristics of the 148 
municipalities. Our results provide important insights into the spatial inequality in 149 
accessibility of nature visitation benefits and cultural ecosystem services from protected areas 150 
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amongst municipalities in the region. This information can be used to inform the planning 151 
and management of protected areas to reduce inequality of access to cultural ecosystem 152 
services in the future. 153 
 154 
1.1 Conceptual framework 155 
Our conceptual framework (Figure 1) links ecosystems as service providing areas, 156 
cultural ecosystem services, and human well-being as supply and demand sides in human–157 
environmental systems (adapted from (Burkhard et al. 2012; Cord et al. 2017)). Protected 158 
areas (Figure 1(1)) represent natural or semi-natural ecosystems underpinning the supply of 159 
cultural ecosystem services. The supply (Figure 1) refers to those biophysical mechanisms 160 
such as ecosystem characteristics or landscape attributes (Figure 1(2)) that underpin the 161 
potential delivery of cultural ecosystem services (Figure 1(3)). Ecosystem services are 162 
defined as the benefits provided by ecosystems that influence human well-being and to which 163 
people attach value and preferences. Cultural ecosystem services (Figure 1(3)) are one of 164 
three categories of ecosystem services (TEEB 2010) and include the intangible benefits that 165 
emerge from interactions between humans and nature (Chan et al. 2012). The delivery and 166 
realization of cultural ecosystem services from protected areas depend on the movement and 167 
flow of people to these areas. The accessibility to protected areas will determine the flow of 168 
people to protected areas and if the demand is met (Figure 1(4)).  The demand refers to the 169 
level of ecosystem services provision required by people driven by human needs, preferences 170 
and values (Cord et al. 2017). The change in human well-being that results after an ecosystem 171 
service is delivered and used by society are the human benefits (Figure 1(5)). In this case 172 
study, we assume that the population of the study region, which has different socioeconomic 173 
characteristics, are the potential beneficiaries (Figure 1(5)) of the cultural ecosystem services 174 
provided by protected areas. We assessed the inequality in access to cultural ecosystem 175 
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services from protected areas among municipalities and explore which socio-economic 176 
variables are driving the way people access cultural ecosystem services from protected areas 177 
in the region.  178 
[Insert Figure 1 near here.] 179 
2. Methods 180 
2.1 Study area 181 
The study region covers part of the Chilean biodiversity hotspot (Arroyo et al. 2004), 182 
between the Valparaíso region (32°02′S) and Araucania region (39°48′S) (see Appendix Fig. 183 
A1). The study region encompasses approximately 148,000 km2, with elevation ranging from 184 
0 to 6,500 m. This region is characterized by a Mediterranean climate in the north and 185 
temperate climate in the south with mean daily maximum temperatures from 20°C in summer 186 
to 8°C in winter and with an annual precipitation varying from 250 mm to 700 mm increasing 187 
with altitude and latitude (Luebert and Pliscoff, 2006). This region holds the greatest plant 188 
richness and endemism in Chile (Bannister et al. 2012) and the most populated areas 189 
(Miranda et al. 2017). The public protected area system preserves samples of pristine natural 190 
environments, and cultural and scenic elements, allowing education, research, and recreation 191 
only when it is compatible with conservation (Law 18,362).The protected areas cover 4% of 192 
the Chilean biodiversity hotspot and comprises 65 protected areas including natural 193 
monuments (IUCN category III), national parks (IUCN category II), national reserves, and 194 
natural sanctuaries (IUCN category IV). 195 
 196 
2.2 Protected area visitation 197 
We developed a proxy for visitation rates to protected areas using publicly available 198 
geotagged photographs (Sessions et al., 2016; Wood et al., 2013a). We used data from 199 
images stored on the Flickr photo-sharing website (www.flickr.com). Flickr is a popular 200 
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image-hosting website for users to share and embed personal photographs. These freely-201 
available data have been used previously as a source of information on when and where 202 
people recreate and their preferences for certain types of ecosystems (Hausmann et al., 203 
2017b; Keeler et al., 2015; Wood et al., 2013b). We used the InVEST Software Suite (Sharp 204 
et al., 2016) to gather the image metadata and to calculate the average annual photo-user-days 205 
(PUD) for each of the 65 protected areas in the Chilean biodiversity hotspot, based on Flickr 206 
photos taken from 2005 to 2014. The annual PUD is the total number of unique 207 
photographer-date combinations taken within a specified geographic boundary (Keeler et al., 208 
2015; Wood et al., 2013b). If an individual took multiple photos at the same protected area on 209 
the same day, that would equate to a single photo-user-day (Wood et al., 2013a). 210 
 211 
To validate our photo-visitation method for obtaining data on visitation patterns, we 212 
acquired data from the National Corporation of Forestry of the Chilean government 213 
(http://www.conaf.cl/parques-nacionales/parques-de-chile/). Annual visitor numbers from 214 
2007 were available for 32 of the 65 protected areas within the region. We calculated the 215 
average number of visits to each of the 32 protected areas over an eight-year period (2007 to 216 
2014) and compared it to the average annual PUD based on photos from the same time series. 217 
We calculated the degree of correlation between visitation data and the PUD proxy data.  218 
 219 
2.3 Location and socio-economic characteristics of visitors 220 
To explore the inequality in access to protected areas we obtained information on the 221 
home location of visitors within our photo-visitation database. Many Flickr users have a 222 
publicly available user profile where they self-report their current home location (Wood et 223 
al., 2013).  In our study region, 50% of Flickr users shared their home location. Home 224 
locations are reported on profiles as place names, and we translated these to geographic 225 
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coordinates using the Twofishes geocoder (www.twofishes.net). Twofishes is a geocoder 226 
software that turns a human-readable location, into latitude and longitude coordinates and 227 
have been used in previous studies for similar purposes (Sessions et al., 2016; Wood et al., 228 
2013a).  For the Flickr users who did not report their home location in their profile, we used a 229 
k-means clustering algorithm to estimate each user's home location based on the location of 230 
all geotagged photographs they had ever shared publicly on Flickr. We associated home 231 
locations with municipalities (i.e. communes or local government areas) with a spatial 232 
intersection of the home location points and the municipality administrative boundaries 233 
(boundaries from www.gadm.org). PUDs associated with home locations outside of the study 234 
area were excluded from the analysis. We aggregated the PUD visitation data at the 235 
municipality level to provide an estimate of the number of visitors to protected areas arising 236 
from each municipality. 237 
 238 
The socioeconomic characteristics of each municipality were then quantified. The 239 
municipality is the smallest administrative unit for which socioeconomic data is collected via 240 
the National Socioeconomic Characterization Survey undertaken by the Chilean Ministry of 241 
Planning and made freely available to the public (Ministerio Desarrollo Social, 2013). The 242 
survey had gathered information on 66,725 households (218,491 individuals) every two years 243 
since 1985 from across the major administrative divisions of the country, which involved 15 244 
regions, 54 provinces, and 324 municipalities. The sample sizes at the regional level are 245 
noted in the supplementary information (Appendix B, Table B1). The survey provided 246 
information on income, education, work, health, housing conditions, and life satisfaction for 247 
these households.  248 
 249 
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We then quantified the inequality of visitation to protected areas for the municipalities 250 
of the study region using the Gini coefficient which is commonly used as a measure of 251 
inequality of wealth (Wolff, 1992). It measures the difference between a perfectly equitable 252 
distribution of resources and the actual distribution of resources and has been applied in 253 
assessing many types of inequality (Barr et al., 2011; Damgaard and Weiner, 2000; Halpern 254 
et al., 2013; Tulloch et al., 2016). A Gini coefficient of 0 equates to perfect equality and 1 255 
equates to maximal inequality (Gurney et al., 2015). We calculated the Gini coefficient based 256 
on the Lorenz Curve using the formula defined by Damgaard and Weiner (2000). The Gini 257 
coefficient was calculated from the unordered data of the protected area visitation rate (𝑥𝑥𝑖𝑖) 258 
from the n municipalities (i.e. PUD visits divided by total population of each commune) 259 
calculated as the mean of the difference between every possible pair of data (i,j), divided by 260 
the mean size µ: 261 
𝐺𝐺 = ∑ ∑ �𝑥𝑥𝑖𝑖−𝑥𝑥𝑗𝑗 �𝑛𝑛𝑗𝑗=1𝑛𝑛𝑖𝑖=1
2𝑛𝑛2𝜇𝜇
                                                                                                               Eq. 1 262 
All data processing was conducted in R (R Core Team, 2015) using the package ineq (Zeileis, 263 
2014). 264 
 265 
2.4 Mapping cultural ecosystem services demand 266 
We developed a proxy metric of cultural ecosystem service provision for each 267 
protected area i, calculated as the total distance travelled to visit it (Eq. 2). Distance traveled 268 
is a proxy for the financial and time costs required to visit protected areas (Ala-Hulkko et al., 269 
2016) and therefore provides an indication of the benefits received from visiting each area. 270 
We estimated distance traveled as the distance between the recorded visitor home location 271 
within the photo-visitation database and the protected areas they visited. Distance was 272 
calculated as the least cost path using the Origin-Destination matrix under the Network 273 
Analyst extension in ArcGIS 10.3 (ESRI, 2011) based on the road network data derived from 274 
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the OpenStreetMap for Chile (OSM, 2016). The total distance travelled to each protected area 275 
summed over all photo-user-day records provides an ideal revealed-preference metric for 276 
estimating the relative provision of cultural ecosystem services from each protected area. 277 
This metric of demand for cultural ecosystem services can then be mapped for all protected 278 
areas. 279 
 280 
𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖 = ∑ 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖𝑖𝑖𝑀𝑀𝑖𝑖   Eq. 2 281 
 282 
CESi : Index of cultural ecosystem services provision for each protected area i. 283 
Distanceik : Road distance travelled to protected area i and the home location for each photo-284 
user-day (PUD) k. 285 
 286 
We validated the use of the total distance travelled to visit each protected area as a 287 
measure of cultural ecosystem services by assessing the relationships with other factors 288 
previously associated with the provision of these services including protected area size, 289 
biodiversity, and aesthetic amenity. In the study region the size of the 65 protected areas 290 
varies from 0.003 to 785km², with 27 protected areas smaller than 10km². Smaller protected 291 
areas have been shown to attract fewer people in comparison with large areas (Balmford et 292 
al., 2011). Biodiversity was represented by endemic plant richness (Pliscoff et al., 2014) and 293 
the number of ecosystems represented (Luebert and Pliscoff, 2006) (Appendix C, Figure C1). 294 
Aesthetic amenity was measured by the proportional coverage of forest and water bodies 295 
within each protected area (CONAF-CONAMA-BIRF, 2014). We applied simple and 296 
multiple linear regression analysis using the t-test and F-test respectively and assessed the 297 
goodness-of-fit of the relationship between the cultural ecosystem services CESi of the 298 
13 
 
protected areas (response variable) and these landscape attributes (predictor variables). Data 299 
processing was conducted in R (R Core Team, 2015) and plotted using the package ggplot2. 300 
Cultural ecosystem services demand was positively related to the size of protected areas (Fig. 301 
2a), the endemic plant richness (Fig. 2b), and the number of ecosystems represented (Fig. 7c). 302 
The multiple regression model including these three explanatory variables together explained 303 
a significant amount of the variance in visits (Multiple R²=0.39, p<0.0001, F=11, DF=52) 304 
but, similar to results from a simpler model that included just the size of the protected areas 305 
(R²=0.37). We did not find a significant relationship between protected areas and the 306 
aesthetic quality of protected areas, measured as the cover of forests and water.       307 
                     308 
 [Insert Figure 2 near here] 309 
 310 
2.5 Quantifying accessibility to cultural ecosystem services 311 
We then developed a spatial layer quantifying a relative index of accessibility of each 312 
municipality to the cultural ecosystem services provided by all protected areas in the study 313 
area. This metric was calculated for each municipality j as the cultural ecosystem services of 314 
each protected area i divided by the distance between the municipality and the protected area, 315 
summed over all protected areas, all multiplied by the average income of the municipality. 316 
Where a municipality is located closer to more protected areas which provide greater cultural 317 
ecosystem services benefits then the accessibility index is higher, particularly if the income 318 
of the municipality is also high. Conversely, those municipalities that are located further from 319 
the higher cultural service-producing protected areas have lower accessibility to the cultural 320 
services provided by Chile’s protected areas, particularly if they have lower incomes. 321 
  322 
𝐴𝐴𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐴𝐴𝐷𝐷𝐴𝐴𝐷𝐷𝐷𝐷𝐴𝐴𝑗𝑗 = (∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝐷𝐷𝑖𝑖𝐷𝐷𝐷𝐷𝐷𝐷𝑛𝑛𝐷𝐷𝐷𝐷𝑖𝑖𝑗𝑗)𝑁𝑁𝑖𝑖 ∗  𝐼𝐼𝐷𝐷𝐷𝐷𝐼𝐼𝐼𝐼𝐷𝐷𝑗𝑗  Eq3 323 
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 324 
Accessibilityj : Accessibility of each municipality j to all protected areas in the Chilean 325 
biodiversity hotspot.  326 
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖𝑗𝑗: Distance (km) via the road network from each protected area i to each 327 
municipality j. 328 
𝐼𝐼𝐷𝐷𝐷𝐷𝐼𝐼𝐼𝐼𝐷𝐷𝑗𝑗 : Average annual income per capita of each municipality j. 329 
 330 
The first term in the accessibility equation above quantifies the geographic component 331 
of accessibility for each municipality. In calculating the geographic component, for each 332 
protected area the indicator of cultural ecosystem services provision is divided by the travel 333 
distance from the municipality centroid. When summed over all protected areas this provides 334 
an aggregate metric of geographic accessibility for each municipality. Where a municipality 335 
is closer to more protected areas which provide greater cultural ecosystem services benefits, 336 
the geographic accessibility of the municipality is greater. 337 
 338 
The geographic component of each municipality was then multiplied by a 339 
socioeconomic component to calculate the overall accessibility of each municipality. The 340 
socioeconomic component was represented by the average income per capita (Chilean pesos 341 
earned per year per person) for each municipality drawn from the National Socioeconomic 342 
Characterization Survey (Ministerio Desarrollo Social 2013). Greater disposable income 343 
available to individuals increases accessibility as it reflects the greater personal financial 344 
resources available to visit protected areas as individuals have more capacity to spend money 345 
on transportation, travel, and recreation.  346 
 347 
15 
 
We validated the use of income as a socioeconomic component of accessibility by 348 
testing the association between the average municipality income and the propensity to visit 349 
protected areas. However, to reduce the potential confounding effect of people travelling 350 
further simply because they live further away, we tested the relationship between average 351 
income of each municipality and the distance from each municipality centroid to all protected 352 
areas and found a weak negative relationship between these variables (Spearman correlation 353 
rho = -0.2). Hence, on average, wealthier municipalities tend to be located closer to protected 354 
areas overall and all else equal should travel less far than poorer municipalities to visit them. 355 
However, we found a positive and significant relationship (R²=0.48, p<0.0001, F=130.2, 356 
DF=160) between average income and the distance traveled to the protected area system, 357 
weighted by the number of photo-user-days for each municipality (Fig. 3). Thus, people from 358 
municipalities with a higher average income tended to visit protected areas more often and 359 
travel further, whereas individuals from municipalities with a lower average income visited 360 
protected areas closer to home (Fig.3). This provided a strong justification for the use of 361 
income as a socioeconomic component of accessibility. 362 
 363 
We also tested if other socioeconomic characteristics of municipalities were related to 364 
visits to protected areas, including gender, rural/urban, education, health, and car ownership 365 
to reduce any other confounding effects. We did not find significant associations between any 366 
other single socioeconomic variable (gender, rural/urban, education, private health, and car 367 
ownership) and the number of visits to protected areas. 368 
 369 
[Insert Figure 3 near here]  370 
 371 
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3. Results 372 
3.1 Protected areas visitation 373 
We found that the majority (56 out of 65) of the protected areas in the Chilean 374 
biodiversity hotspot had been photographed by Flickr users from 2005 to 2014 (Appendix D). 375 
In these protected areas, the PUDs ranged from 1 to 425 (Fig. 4), with 60% of protected areas 376 
having PUD values of less than 50. Conguillio, Villarrica, Huerquehue, and La Campana 377 
National Parks are the most visited protected areas according to this metric, along with the 378 
Acantilados Federico Santa Maria and Peninsula de Hualpen National Monuments (Fig. 4). 379 
We found a strong relationship between empirical visitation data and the PUD proxy 380 
(Spearman correlation rho = 0.74). 381 
 382 
[Insert Figure 4 near here] 383 
 384 
3.2 Distribution of access to protected areas 385 
We determined the home locations of 3,816 visitors who shared Flickr images and 386 
identified 2,944 of these visitors with home locations in Chile. We present visitor’s home 387 
locations for four protected areas as specific examples (Fig.5). The home locations were 388 
distributed among 162 of the 324 municipalities of Chile. 389 
 390 
[Insert Figure 5 near here] 391 
 392 
The inequality of visitation to protected areas was high (Fig. 4, Gini coefficient = 393 
0.79). Our results show that 20% of the population makes for 87% of the visits to protected 394 
areas in the region (Fig. 6).  395 
 396 
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[Insert Figure 6 near here] 397 
 398 
3.3 Mapping social accessibility to cultural ecosystem services benefits  399 
The accessibility of the municipalities to cultural ecosystem services provided by 400 
protected areas varies spatially according the proximity to higher CES-providing protected 401 
areas (Fig7b) and the income of the commune (Fig. 7a). The municipalities in the northern 402 
administrative regions (regions V, RM, VI and VII) have the lowest accessibility, measured 403 
as the average distance from the commune to all protected areas (Fig7d). For example, 90% 404 
of the Valparaiso region (region V in Fig. 7d) has low or very low accessibility. The 405 
accessibility of the municipalities to the protected area system increases in the southern 406 
regions where the municipalities are closer to the protected areas (because there is a greater 407 
area protected) and the protected areas are also more popular. For example, in the most 408 
southern region of Araucania (region XI in Fig. 7 and d), 40% of the region has high and very 409 
high accessibility to the protected area system.  410 
 411 
[Insert Figure 7 near here] 412 
             413 
4. Discussion 414 
Using a novel database of visitation to protected areas for the Chilean biodiversity 415 
hotspot we reveal that access to protected areas is very unequal with the majority of visits to 416 
protected areas arising from a small proportion of municipalities. The distance traveled to 417 
protected areas is positively related to the average income of the municipalities where the 418 
visitors reside. Individuals from wealthier municipalities tend to travel further to visit 419 
protected areas while people from poorer municipalities visit protected areas that are closer to 420 
their home locations. The accessibility map shows that access is particularly limited in the 421 
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northern portion of the study region where there is a smaller area protected overall (Fig.7b). 422 
This is the first time in Latin America that the inequality of visitation to protected areas has 423 
been assessed and the first time that the distribution of nature visitation benefits has been 424 
appraised across such a large geographic extent.  425 
 426 
Previous studies have addressed the distribution of protected areas using distance 427 
analysis and census data (Ala-Hulkko et al., 2016; Lindsey et al., 2001; Nicholls and Shafer, 428 
2001) and assessed how access to nature varies across different socioeconomic groups 429 
(Shanahan et al., 2014). Most studies have used direct surveys within protected areas (Ament 430 
et al., 2016; Booth et al., 2010). Our results are consistent with previous studies suggesting 431 
that the lowest income earners have more-limited access to protected areas (Booth et al., 432 
2010; Lindsey et al., 2001; Shanahan et al., 2014). Our study advances previous efforts by 433 
providing the first comprehensive regional assessment of equality of the distribution of 434 
benefits from cultural ecosystem services provided by visiting nature. The collection of data 435 
extracted from social media capturing social values, experiences and observations in natural 436 
and semi-natural ecosystems can open new avenues to further understand the realization of 437 
cultural ecosystem services by people (Maes et al., 2018). The advantage of using social 438 
media data to study the inequality of access to protected areas, compared to more traditional 439 
techniques such as social surveys, is that social media allows us to capture dynamic 440 
landscape-scale processes across large geographic extents (van Zanten et al. 2016). However, 441 
it must be acknowledged that social media data may exhibit bias resulting from the 442 
volunteered and unstructured nature of its data which is selected through an emotional 443 
process rather than from a rational synthesis (Wang et al., 2018). 444 
 445 
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Chile has the highest income inequality of any Organization for Economic Co-446 
operation and Development (OECD) country, and one of the highest levels of income 447 
inequality in Latin America (OECD, 2015; Pizzolitto, 2005). An unequal distribution of 448 
nature visitation benefits could have important implications for the wellbeing of the Chilean 449 
population. There is evidence that knowing and experiencing nature makes people happier 450 
and healthier (Bratman et al., 2012; Burns, 2005; Russell et al., 2013). For example, being in 451 
nature relieves stress (Van Den Berg et al., 2007), improves physical health (McCurdy et al., 452 
2010; Ulrich, 1984) and makes people more productive and creative (Maller et al., 2006). A 453 
hypothesis termed “biophilia” asserts the existence of a biologically based, inherent human 454 
need to affiliate with nature (Kellert and Wilson, 1995). The lack of experiences and 455 
interactions with nature affects peoples’ physical and emotional wellbeing (Bratman et al., 456 
2012; Keniger et al., 2013; Russell et al., 2013) and prevents people from developing 457 
connections to nature, which can lead to negative attitudes towards nature (Louv, 2008). 458 
There is a need to improve access to protected areas in the Chilean biodiversity hotspot to 459 
minimize the level of disconnection with nature and associated negative impacts on human 460 
welfare (Gurney et al., 2015; Klein et al., 2015).  461 
 462 
In the Chilean biodiversity hotspot, the size of the protected areas and their 463 
biodiversity are positively influencing visitation and demand for cultural ecosystem services 464 
from the protected areas. Specifically, the larger protected areas located in the southern part 465 
of the region are the most popular and are subject to the greatest demand. However, these 466 
areas are distant from the main urban settlements in which most of the country’s population is 467 
concentrated. As the study region has a very low percentage of public land and contains some 468 
of the smallest protected areas of the country and the world (Kuempel et al., 2016), these 469 
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findings call attention to the need to expand the current protected area system and improve 470 
the equality in access to cultural ecosystem services.  471 
 472 
Information on visitation rates to protected areas is limited and sparse (Balmford et 473 
al., 2015). Given the scarcity of data on visits to protected areas, we used all available 474 
regional level data. However, our models explained only part of the variance (i.e. 45% and 475 
39% of the variance of visitation patterns were explained by the socioeconomic and 476 
landscape attribute variables respectively). Variables such as infrastructure inside protected 477 
areas (Pullin et al., 2013), transport options to protected areas (Chile boasts an extensive 478 
public transportation network (Spenceley et al., 2015)), biophysical attributes such as climate 479 
and elevation, and sociodemographic characteristics at the individual level such as age, 480 
gender and education (Booth et al., 2010) could also influence visitation patterns. We were 481 
unable to identify clear relationships between nature recreation and the other socioeconomic 482 
variables collated in the national survey such as education, car ownership, and health. Other 483 
limiting factors affecting the visitation of protected areas are related to the fact that people in 484 
Chile prefer to visit coastal areas for their cultural ecosystem services such as quietness and 485 
scenery of the coast (De Juan et al., 2017). The public protected area system covers a small 486 
portion of the study region and is largely biased towards the southern and higher elevation 487 
areas of the Andean range (Durán et al., 2013). We highlight the need to expand the protected 488 
area network to bring the cultural ecosystem services of protected areas closer to people (and 489 
especially those with lower income) to obtain greater benefits for human wellbeing. 490 
 491 
  The use of social-media to estimate visits to protected areas has limitations that 492 
warrant consideration. In this case the content of the photo was not interpreted, so the photos 493 
do not necessarily represent the exact cultural ecosystem services provided in a protected 494 
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area. Another limitation is that the InVEST recreation model focuses on just one social media 495 
platform and Flickr users may not be representative of the full spectrum of beneficiaries of 496 
cultural services from protected areas. For example, these results might be biased towards 497 
younger or wealthier segments of the population. Including other platforms such as 498 
Instagram or Panoramio, as done by recent studies (Hausmann et al., 2017b; van Zanten et 499 
al., 2016) might help address this limitation in the future. Another limitation when calculating 500 
the home location of visitors is that there is a possibility of error from users misreporting 501 
their home locations which brings uncertainty to this analysis. In our analysis, the 502 
socioeconomic characteristics of visitors was assigned to the characteristics of the whole 503 
commune which can also cause bias in our results. In our analysis, we have not considered 504 
private protected areas because empirical information available regarding number of visits to 505 
these areas was not available which impedes its validation with the photo-visitation approach. 506 
However, the effect is likely to be very small as private reserves constitute only a small 507 
percentage of the total protected areas in the study area. In addition, access to private land by 508 
the public is restricted which does little to improve access to the cultural ecosystem services 509 
provided by these areas. 510 
 511 
 Despite these challenges, social media data has proven to be very useful for capturing 512 
aspects of ecosystem service demand, not just supply (Cord et al., 2017). Moreover the 513 
creative combination of multiple data sources such as social media data, satellite products 514 
and various types of other socio-economic and environmental information (including 515 
household surveys, population, biodiversity data etc.) is the key to further understanding the 516 
use of cultural ecosystem services by people. Our case study demonstrates the suitability of 517 
social media data for estimating visits to protected areas as we found that geotagged 518 
photographs uploaded to Flickr were strongly correlated to empirical visitation to protected 519 
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areas demonstrating that the photo-visitation method is a good indicator of protected area 520 
visitation rates in the study region. To further study social preferences for cultural ecosystem 521 
services a next step would be to interpret the photographs and the types of cultural ecosystem 522 
services represented in the pictures (Martinez Pastur et al., 2015). Also, initiatives that 523 
encourage visitors to contribute images while visiting protected areas and to report more 524 
information about their socioeconomic background and social preferences could facilitate 525 
cost-effective future studies of recreational behavior and at larger scales (van Zanten et al., 526 
2016).  527 
 528 
As well as expanding the coverage of public protected areas, private landholders 529 
could also provide biodiversity conservation and public access for nature recreation through 530 
voluntary or incentivized programs. The forestry and agriculture sectors own a substantial 531 
proportion of natural land in the more populated areas of the Chilean biodiversity hotspot 532 
(Zorondo-Rodríguez et al., 2014). Vineyards have expanded rapidly in Central Chile 533 
(Castañeda et al., 2015), and the wine industry is interested in environmentally-friendly 534 
practices, setting aside native forest for conservation, and ecotourism (Merelender et al., 535 
2014). The forestry industry, through engagement with the Forest Stewardship Council 536 
certification program, is also setting aside an important amount of native forest for 537 
conservation, especially in the Nahuelbuta coastal range (Pauchard et al., 2007). However, 538 
our study also shows the preference of people, and particularly wealthier populations, to seek 539 
the benefits of nature from larger, more biodiverse parks, which are located further from 540 
populated areas. Thus, while these initiatives on private land could help improve equitable 541 
access to nature recreation opportunities, they are unlikely to be able to provide the full 542 
nature visitation benefits of “wilderness” in larger, more biodiverse public protected areas. 543 
Further, the preference that we observe for biodiverse areas suggests that sustainable tourism 544 
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and management strategies, which focus on maintaining and enhancing biodiversity, will be 545 
important. 546 
 547 
Our case study has important policy implications in providing information on the 548 
distribution and spatial flows of people to protected areas. Conservation of natural 549 
ecosystems, cultural ecosystem services and the delivery of recreational benefits are explicit 550 
objectives of the Chilean protected area system policy (Chilean Government, 1984). 551 
Maintaining the equitable distribution of nature recreation benefits alongside a representative 552 
sample of biodiversity are key goals of a sustainable network of protected areas in Chile. 553 
Nonetheless, the current protected areas system fails to conserve a representative sample of 554 
biodiversity (Luebert and Becerra, 1998; Pliscoff and Fuentes-Castillo, 2011) and our study 555 
provides empirical evidence that the access to protected areas available to the Chilean 556 
population is unequal. This information is key to informing the planning and management of 557 
future protected areas to improve equitable of access. 558 
 559 
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7. Figures 816 
 817 
Figure 1. Conceptual framework linking ecosystems as service providing areas, cultural 818 
ecosystem services and human benefits as supply and demand sides in human–environmental 819 
systems (adapted from (Burkhard et al. 2012; Cord et al. 2017)). The green and red arrows 820 
represent the potential forms of access of the population in the region to the protected areas 821 
that we predict will vary according to their socioeconomic characteristics (the thick of the 822 
arrow represent population size and the length of the arrow represent the distance travelled 823 
along the road network). 824 
 825 
Figure 2.  Landscape attributes of the protected areas influencing cultural ecosystem services 826 
demand, (a) area of the protected area, (b) number of endemic plants, and (c) number of 827 
ecosystems represented in the protected areas. All variables on the y axis are plotted on a log 828 
scale.  829 
 830 
Figure 3. Total distance travelled per municipality against average income per capita in 831 
Chilean pesos, weighted by the total annual photo-user-days. 832 
 833 
Figure 4.  Total annual photo-user-days (PUD) for the 65 protected areas of the Chilean 834 
biodiversity hotspot, with a close-up view for four protected areas (displayed at a 500 m grid 835 
resolution).  836 
 837 
Figure 5.  Examples of the distribution of visitors’ home locations for four protected areas in 838 
the Chilean biodiversity hotspot: A. National Park La Campana, B. Natural Monument El 839 
Morado, C. Natural Reserve Altos de Lircay and D. Natural Reserve Malalcahuello. 840 
35 
 
 841 
Figure 6. Lorenz curve for the cumulative proportion of population visiting protected areas in 842 
the Chilean biodiversity hotspot region of Chile based on the photo-visitation database (annual 843 
photo-user-days standardized by the population size of each commune). 844 
 845 
Figure 7.  (a) Income of the municipalities; (b) Accessibility of municipalities to the cultural 846 
ecosystem services provided by the protected area system; (c) Map depicting the administrative 847 
regions of the study area and (d) A bar graph representing the administrative regions of the 848 
Chilean biodiversity hotspot from north to south and the percentage of area in each accessibility 849 
category. 850 
 851 
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